At present, in a number of sectors of industry, special demands are being made of elastomer materials in terms of guaranteeing the reliability of their operation under conditions of prolonged service and improving their combination of physicomechanical properties by their modification primarily with high-tonnage polymers. The modification of polyurethane elastomers with vinyl chloride polymers makes it possible to increase significantly the durability, non-flammability, and resistance of the composites to hydrolysis [1, 2] . Such composite materials are cheaper analogues of thermoplastic polyurethanes and are successfully replacing them in traditional areas of application [3] . The production of nanostructured thermoplastic elastomers based on polyurethane and polyvinyl chloride and stabilised with interphase donor-acceptor [4] or hydrogen bonds [5] is known. Thermoplastic nanoparticles in the elastomer matrix act as an active reinforcing filler, and strengthening of the composite depends on the energy of interphase interactions. Investigation of the given systems over recent years has shown the broad possibility, by the targeted functionalisation of polyurethane and the occurrence in binary systems of strong interphase interactions of different nature, of producing micro-and nanostructured composites with new functional properties [6] .
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At present, in a number of sectors of industry, special demands are being made of elastomer materials in terms of guaranteeing the reliability of their operation under conditions of prolonged service and improving their combination of physicomechanical properties by their modification primarily with high-tonnage polymers. The modification of polyurethane elastomers with vinyl chloride polymers makes it possible to increase significantly the durability, non-flammability, and resistance of the composites to hydrolysis [1, 2] . Such composite materials are cheaper analogues of thermoplastic polyurethanes and are successfully replacing them in traditional areas of application [3] . The production of nanostructured thermoplastic elastomers based on polyurethane and polyvinyl chloride and stabilised with interphase donor-acceptor [4] or hydrogen bonds [5] is known. Thermoplastic nanoparticles in the elastomer matrix act as an active reinforcing filler, and strengthening of the composite depends on the energy of interphase interactions. Investigation of the given systems over recent years has shown the broad possibility, by the targeted functionalisation of polyurethane and the occurrence in binary systems of strong interphase interactions of different nature, of producing micro-and nanostructured composites with new functional properties [6] .
The aim of this work was to investigate the influence of the chemical structure of the vinyl chloride polymer on interphase interactions with the polyurethane elastomer and on the supermolecular structure and mechanical properties of the composite materials.
For the investigation, polyurethane was synthesised by the suspension method by dispersion of a block oligomer based on oligoethylene butylene glycol adipate (molecular weight 2000), toluylene diisocyanate (a mixture of 2,4-and 2,6-isomers in a ratio of 65:35), and 1,2-propanediol (a concentration of urethane rigid blocks of about 2%) in an aqueous medium by the patented procedure [7] . With elongation of the isocyanate component by water, a thermoplastic polymer is formed with a concentration of urethane urea rigid blocks of 8% and an intrinsic viscosity in dimethylformamide (DMF) [h] = 0.12 m 3 /kg. According to differential scanning calorimetry (DSC) data, the content of crystalline oligoether phase in polyurethane amounts to 5.8% [5] . The initial components were purified by established procedures for the synthesis of polyurethane. As the vinyl chloride polymers, use was made of polyvinyl chloride (chlorine concentration according to elemental analysis 56.3%, viscosity-average molecular weight 80 Film materials with a thickness of 200-300 µm and 10-15 µm were produced by casting solutions of blends of the polymers in DMF on a fluoroplastic substrate with subsequent drying at a temperature of 298-233 K to constant weight.
IR transmission spectra of film specimens of 10-15 µm thickness were taken on a Tensor-37 spectrometer with Fourier transformation in the range 400-4000 cm −1 . The supermolecular structure of the surface of the composites was investigated on a Jeol JSM 6060 electron microscope. The mechanical characteristics were measured according to GOST 18299, and the density according to GOST 15139-69.
The formation of hydrogen bonds in the polyurethane materials and polymer blends was investigated by IR spectroscopy. The total degree of urethane-urea groups forming hydrogen bonds was assessed from the band of stretching vibrations of NH groups in the region 3200-3500 cm −1 , and the distribution of C=O groups in terms of the binding energy of hydrogen bonds from the amide 1 band [8] . In the region of stretching vibrations of carbonyl groups, the following bands can be distinguished: 1740 cm −1 -free of hydrogen bonds; 1730-1732 cm −1 (C=O uf ), and 1660-1670 cm
(C=O cf ) relate to unassociated carbonyls of urethane and urea groups, the NH groups of which are bound by a hydrogen bond with the oxygen of the oligoether; 1715-1725 cm −1 (C=O ubc ) -the "initial" association of C=O urethane groups in a weakly segregated region; 1696-1710 cm −1 and 1639-1641 cm −1 -selfassociated C=O of urethane (C=O ub ) and urea (C=O cb ) groups located within associates of rigid segments. As the internal standard, use was made of the band of stretching vibrations of C=C of the benzene ring -1600 cm −1
. The proportion of H-bound carbonyl groups was calculated from the ratio of the area of C=O ubc , C=O ub , and C=O cb to the total area of absorption of carbonyl groups with the use of a standard Gaussian program for breakdown of the amide 1 band, and here it was assumed that the integral absorption coefficients of individual bands coincide [9] . The integral intensity of the band of stretching vibrations of NH groups (A NH ) bound by hydrogen bonds (NH b ) was calculated by the procedure described by Xiao et al. [10] .
In the spectrum of the elastomer ( Figure 1 ) there is an intense amide 1 band with a maximum at 1730 cm -NH f groups not bound by hydrogen bonds. Taking into account the low content of urethane-urea blocks in the macrochain of the elastomer, the proportion of self-associated C=O cb groups amounts to about 0.5%. With breakdown of the amide 1 band in the region of wave numbers of 1696-1710 cm −1 , the proportion of C=O ub groups (α ub ) amounts to 18%, and in the region 1715-1725 cm −1 (α ubc ) to about 7%. When polyvinyl chloride is introduced into the elastomer, in the spectra there is a change in the contour of the amide 1 band and in the integral intensity of the absorption bands of the NH b groups. As can be seen from Figure 2a , with increase in the polyvinyl chloride concentration in the blend to 30-40%, the proportion of H-bound C=O of urethane groups in the region 1715-1725 cm −1 increases to 30-35%, while the optical density of the 1730 cm decreases to 8%, while associated C=O cb break down entirely. It is well known that, in blends, intermolecular hydrogen bonds are formed between carbonyl groups of the polyurethane and the proton-donor a-hydrogen of the chlorine-containing polymer [11] . It is evident that expansion of the amide 1 band, increase in α ubc by 28%, and the appearance of a 1723 cm −1 band are due to the formation of hydrogen bonds between the C=O groups of the polyurethane and the a-hydrogen of the thermoplastic. With further increase of polyvinyl chloride in the blend, α ubc decreases and D 1730 increases. The change in A NH and in the optical density of the absorption band of the NH b groups (D NH ) as a function of the composition of the composite is presented in Figure 2b . The introduction of 15% polyvinyl chloride leads to breakdown of the network of intramolecular hydrogen bonds in the elastomer, on account of which the values of A NH and D NH decrease. With increase in the content of polyvinyl chloride in the blend to 30-40%, an increase in A NH and D NH is observed. The occurrence of interphase interactions between protons NH of the urethane-urea groups of the rigid segment of a polyurethane elastomer synthesised on the basis of an aromatic chain elongator and the anion of the chlorine of polyvinyl chloride is known [12] . To confirm the formation of hydrogen bonds of the NH + …Cl -type between the polymer components, Figure 1 gives spectra of the elastomer and a PU/40PVC composite with a content of 3% inorganic salt LiCl, and and ether groups, the intensities of the corresponding characteristic bands decrease [13] . It is evident that the density of the network of hydrogen bonds in the system with the inorganic salt is higher than with polyvinyl chloride, and therefore the introduction of LiCl into the composite leads to breakdown of interphase hydrogen bonds with the active groups of the thermoplastic, while hydrogen bonds are formed in the blend between the proton-donor groups of the elastomer and the anion of the chlorine of the inorganic salt, owing to which A NH and D NH increase. These data confirm the occurrence of interactions of the NH + …Cl -type between the polymer components at the phase boundary, leading to an increase in A NH and D NH . With increase in the polyvinyl chloride concentration in the blend to 50 and 70%, the values of A NH and D NH decrease, i.e. the density of the network of interphase hydrogen bonds decreases. Thus, from a comparative estimation of the change in α ubc and A NH in the composites relative to the initial elastomer, which are quantitative characteristics of the formation of hydrogen bonds of the two types C=O -…αH + and NH + … Cl -, it can be concluded that, in blends with a content of 30-40% polyvinyl chloride, the strongest interphase interactions occur, and here, taking into account the low concentration of urethane-urea segments in the polyurethane, the contribution of the carbonyl groups to the total network of hydrogen bonds will predominate.
The IR spectra of composites with a vinyl chloride polymer content of 40% are given in Figure 3 .
It is known that the chlorination of polyvinyl chloride (the degree of crystallinity of polyvinyl chloride characterised by a globular structure amounts to about 10% [14] ) leads to amorphisation of the polymer, to weakening of the intramolecular hydrogen bonds, and to improvement in its solubility in organic solvents of average polarity [1] . As can be seen from the data in Table 1 , with increase in the chlorine concentration in the macrochain of chlorinated polyvinyl chloride (CPVC) there is a small increase in A NH and a reduction in α ubc of up to 25%. Consequently, in contrast to a composite based on polyvinyl chloride, in a PU/40CPVC blend a redistribution of the network of hydrogen bonds occurs at the phase boundary of the components: there is a reduction in the interaction of the carbonyl groups and an increase in the interaction of the NH groups of the polyurethane with active groups of the CPVC.
Copolymers of vinyl chloride with a content of 30-60% vinylidene chloride are amorphous [15] , and, when 40% vinylidene chloride units is introduced into the macrochain of the vinyl chloride polymer, the reduction in the concentration of α-hydrogen leads to a considerable reduction in the formation of interactions of the C=O -…αH + (α ubc = 15%) and NH + …Cl -(A NH = 4.57) type, i.e. the density of the network of hydrogen bonds at the phase boundary decreases by comparison with polyvinyl chloride. The compatibility of copolymer A-15 containing oxygen-containing acetate groups with polyurethane also deteriorates; however, A NH and α ubc decrease to a lesser degree than with VKhVD. In the blend of partially saponified copolymer A-15-O, the presence of polar hydroxyl groups in the macrochain of the vinyl chloride polymer strengthens the network of intramolecular hydrogen bonds, on account of which there is a considerable deterioration in the formation of interphase interactions (α ubc = 14%, A NH = 4.5). Thus, according to data of IR spectroscopy, the formation of a network of hydrogen bonds at the phase boundary depends largely on the chemical structure of the vinyl chloride polymer and will have a significant effect on processes of structure formation and the combination of physicomechanical properties of the elastomer materials.
The deformation and mechanical properties and the density of composites with a content of 30-40% vinyl chloride polymer are given in Table 2 . A polyurethane elastomer with a content of about 10% rigid blocks is characterised by high values of tensile strength σ, elongation at break ε, and residual strain l res . With the formation of a physical network of strong interphase hydrogen bonds, the density of binary systems based on polyvinyl chloride exceeds the additive values, and the elastomer materials are characterised by high density and low l res . Reduction in the elastic modulus under 100% elongation (E 100 ) in composites is governed by the suppression of crystallisation of the oligoether segments and by breakdown of associations of rigid segments in the polyurethane [5] . The introduction into a PU/30PVC composite of 3% LiCl leads to a slight reduction in σ and increase in l res of the composite, which confirms the predominant contribution of the energy of hydrogen bonds of the C=O -…aH + type to the total network of hydrogen bonds at the phase boundary. According to data of electron microscopy ( Figure 4a ), a composite with a content of 30% polyvinyl chloride is characterised by a nanoheterogeneous structure with a size of the dispersed phase of the thermoplastic of 40-60 nm. Nanostructured thermoplastic elastomers, owing to the formation of a network of strong hydrogen bonds at the phase boundary, in contrast to polyurethane thermoplastic elastomers (the crosslinked points of the physical network are rigid segment associates chemically bound with oligoether blocks), are processed from the melt by milling at lower temperatures (150-170 °C) [6] .
Increase in the chlorine concentration in the macrochain of the chlorinated polyvinyl chloride and reduction in the intramolecular hydrogen bonds leads to the formation of a microheterogenous structure (Figure 4b ) and to the formation at the phase boundary of an extended loosely packed mixed microphase (Figure 4c) , on account of which there is a deterioration in the strength properties of the composites and a reduction in the E 100 and density of the material. In blends of chlorinated polyvinyl chloride with polyurethane synthesised on the basis of oligobutylene glycol adipinate, the formation of a mixed microphase is confirmed by DSC data [16] . In a PU/30VKhVD-40 blend, a heterogeneous structure is formed (Figure 4d) , the formation of a mixed phase, less extensive than in a blend with CPVC, is observed (Figure 4e) , and there is a reduction in the density and in the strength properties of the material. Reduction in the interphase interactions leads to an increase in the size of the disperse phase of the copolymer in a PU/30A-15 blend to 0.15 µm (Figure 4f ) and in a PU/30A-15-O blend to 0.3-0.4 µm (Figure 4g ), and to a reduction in the strength properties.
Thus, the conducted investigations have shown the considerable influence of the chemical structure of vinyl chloride polymer on the interphase energy of the hydrogen bonds in blends with polyurethane elastomer, and on the supermolecular structure and the combination of deformation and mechanical properties of the composite materials. The interphase adhesion and the morphological features of the boundary layer formed in heterogeneous systems are determining factors in the strengthening of the elastomer matrix by the chlorine-containing polymer. With the occurrence of strong interphase interactions in systems with a content of 30-40% PVC, a nanoheterogeneous structure is formed and the maximum strengthening of the material is achieved. Increase in the chlorine concentration in the macrochain of the vinyl chloride polymer (above 62%) leads to the formation of a loosely packed mixed phase, while the introduction of polar oxygen-containing acetate and hydroxyl groups leads to deterioration in the formation of interphase interactions and to a reduction in the strength properties of the composites.
